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Space Sciences at Los Alamos National Laboratory

Cutting-edge science and technology

to advance the Los Alamos national security mission.

Reiner Friedel (NSEC/CSES)
National Security Education Center ÐCenter for Space and Earth Science

LANL NASA & NSF Program Manager
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Overview

¥ Why does Los Alamos do space science?

¥ Overview of LANL history in space

¥ Overview of LANL NASA programs

¥ Current Mission Successes

¥ Advanced Power and Propulsion

¥ Summary

¥ Past Successes

¥ Planetary Physics: Global Composition of the Moon and Mars 

¥ Space Weather

¥ Astrophysical Transients
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Space Sciences at Los Alamos

¥ Nearly 10% of LANL peer-
reviewed publications but 
comprises < 1% of the budget! 

¥ Develop new science and 
technology for the national security 
mission

¥ Cutting-edge research: attract and 
retain top scientists

¥ Captivating science of high 
interest to the public

2004        2006         2008       2010
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NASA budgets at Los Alamos
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Supporting the National Security Mission

National 
Security
Mission

Basic Space
Science and
Technology

Gamma-ray Bursts

Water on the Moon and Mars

Cometary Physics

Nonproliferation

Military Space:
Space Capability Protection

Fast Transient Astrophysics

Space Weather

Solar Wind

RF Detection
Remote Sensing

Machine Learning
Theory and Modeling
Satellite Technologies
Neutral Atom Imaging

Advanced Image Interpretation
Advanced Space Propulsion
Reconfigurable Computing
X-ray and ! -ray Detection

Space Nuclear Power
Radiation Effects
Neutron Imaging

Lightning

Planetary Composition

Astrobiology

Weapons Physics

Stellar Formation

Treaty Monitoring/Verification

Energy and Water Security

Homeland Defense
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Brief History 
of Los Alamos in Space
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Los Alamos in Space: Historical Perspective

Van Allen Probes

CRRES

Polar

Cluster
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Los Alamos in Space: Historical Perspective

The Vela Program, 1963-1984:
Monitoring the 1963 Limited

Nuclear Test Ban Treaty

¥ Discovery of Gamma 
Ray Bursts (Klebesadel et 
al., 1973)

¥ Discovery of Heavy Ions 
& High Charge States in the 
Solar Wind (Bame et al., 1968)

¥ Discovery of the Earth��s 
Plasma Sheet
(Bame et al., 1967)

Apogee 1/3 distance to Moon
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Supporting Today��s National Security Programs

Signatures & backgrounds

Signal propagation 
& instrument development

Performance Analysis

Data collection & fusion
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Space Sciences at Los Alamos
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Los Alamos Space Science Highlights (1)
¥ Genesis:Successful launch and instrument turn-on. Successful 

demonstration of onboard data processing for control of spacecraft 
operations.

¥ Mars Odyssey:Successful launch and instrument turn-on. Discovered 
near-surface water at the poles of Mars.

¥ Deep Space 1:Flyby of Comet Borrelly. First results of ion mass 
spectrometer measurements through cometary tail.

¥ XMM -Newton: Study of X-ray light curves of fast and long transient 
sources in M31 galaxy, an analog of our own galaxy. 

¥ Raptor: Completion of one wide-field/near-field robotic telescope 
systems for identifying and observing real-time optical transients. 
Completion of algorithms to identify, analyze, and classify transient 
sources.

¥ DAWN: Los Alamos PI for the neutron and gamma-ray spectrometers on 
Dawn, studies the asteroids Ceres and Vesta.



12

Los Alamos Space Science Highlights (2)
¥ POLAR: First detection of Energetic Neutral Atoms, first ring current 

images

¥ Curiosity Rover: ChemCam laser-based instrument that is mounted on 
the Curiosity Rover on Mars, fundamental new discoveries on water, 
geology and rock structure on Mars

¥ Van Allen Probes:LANL HOPE Plasma analyzer and ECT particle team 
science operation center ÐThree belt structure discovery, Rapid 
acceleration event details

¥ ACE 30th anniversary: Launched in August 1997, ACE has provided 
over 30 years of information about the solar wind, energy input to the 
magnetosphere, and solar-terrestrial coupling.

¥ Cassini: recently completed itÕs mission to explore the environment 
around Saturn

¥ IBEX discovered the mysterious ÒribbonÓ on the heliopause Ðthe edge of 
our solar system

¥ IMAP: recently awarded. LANL produces 2 instruments
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Van Allen Probe Highlights

Featured LANL -NASA Highlights

Geoff Reeves 
presentation @ 
14:50
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Van Allen Probe ECT Highlights

Publications
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Los Alamos: NASA Projects since 1997
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Los Alamos: Radioisotope Power System Missions
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Mars Science Laboratory
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Curiosity Rover
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LANL Mars 2020 Participation
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Current Mission Successes
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NASA InVest/ TACOS Selected 07/05/18
LANL CubesatTech Demo

Compact high-
resolution trace-gas 
hyperspectral 
imagers, with agile 
on-board 
processing

FIRST LANL 
NASA Earth 
Science Flight 
Project.

Follow on for 
TACOS LDRD-DR
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NASA IMAP Mission ÐSelected 06/01/18
LANL to lead two instruments

The Interstellar Mapping and 
Acceleration Probe (IMAP) mission will 
help researchers better understand the 
boundary of the heliosphere, a sort of 
magnetic bubble surrounding and 
protecting our solar system. The 
spacecraft will be positioned at the first 
Lagrange point or L1, 1.5 million 
kilometers) away from Earth towards 
the Sun.

LANLÕs will provide two instruments 
for a total mission cost of ~$31.8M. 

LANL PIs: Herb Funstenand Ruth 
Skoug
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NASA Rocket Mission Selected 02-2018
The Beam-Plasma Interactions Experiment

Tests wave generation by 
modulated electron beams 
in space

Advances CONNEX 
electron accelerator 
technologies
$2.1M project 

LANL PI: Geoff Reeves
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NASA New Horizons Selection 12-2017
Venus In situ Composition Investigations (VICI)

The VemCam concept will 
further develop the Venus 
Element and Mineralogy Camera 
to operate under the harsh 
conditions on Venus. 
The VEMCam instrument is lead 
by LANL building on 
SuperCam/ChemCam heritage.

$2M instrument development
Led by LANL Pi Sam Clegg.
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Advanced Power and Propulsion
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Segregated fuel-oxidizer propellant system (SFOS) 

¥ High thrust, miniaturized, restartablesolid fuel 
system aimed at cubesat/ smallsatpayloads

¥ Drawing upon the expertise in development of high-
nitrogen/high-hydrogen energetics at LANL
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Kilowatt Space Nuclear Reactors
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Summary

¥ Los Alamos has broad and deep expertise that enable a rich 
diversity of space science programs, which support our national 
security mission.

¥ The space sciences for a strong foundation for the basic sciences 
at Los Alamos.

¥ We have had considerable successes in the peer-reviewed NASA 
opportunities.

¥ We have many successful collaborations with external 
institutions, including development of new detection technologies.

¥ We  continuously look for high quality students and post-docs.
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Past Successes



32

Planetary Science: The Moon and Mars



33

Neutron and ! -Ray Spectroscopy: Global Planetary Composition

Cosmic Rays and Solar Energetic 
Particles

¥Thermal-, epithermal-, and fast-
neutrons: H (proxy for water)

¥Gamma rays from capture and 
nonelastic reactions: O, Si, Ti, Al, Fe, 
Mg, Ca

Radioisotopes
¥Th, U, K

Modeling Tools
¥Radiation transport codes: MCNPX, 

DANTSYS
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Planetary Neutron and ! -Ray Spectroscopy: Lunar Prospector

!"#$%&'()*+,&-$'.,/+01.-,$/234/5

Mapping Water on the Moon:
¥Neutrons from cosmic ray spallation are 
moderated by H
¥Presence of H (the signature of water) is 
observed at the poles and bottom of craters

Mapping the Elements:
¥Gamma-ray spectra enable global maps of 
the elements
¥Major species: O, Si, Ti, Al, Fe, Mg, and 
Ca, and radioactive Th, K, and U

6'.,+7)(() 8')9/
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Planetary Neutron and ! -Ray Spectroscopy: Lunar Prospector

South Pole-
Aitkin Basin

Mare
Imbrium

Thorium should be enriched between the crust and mantle. Where is it?
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Water and Life at Mars?

!"#$%!&'&(#)'&%*+,-.//01%Evidence of Life?
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Mapping Hydrogen on Mars: Contours are from Mars Orbiter Laser Altimeter

Planetary Neutron Spectroscopy: Mars Odyssey
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ChemCam
Spectrum
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Monitoring the Space Environment:
Space Weather
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Medium Energy Neutral Atom (MENA)
Imagers on IMAGE (launched March 2000)

Understanding Space WeatherÉFrom the Sun

ACE, Ulysses, and Genesis: 
Understanding and monitoring 

Coronal Mass Ejections  (CMEs) and 
solar wind transients. Low T

High He

High B

Smooth 
rotation in B

Bidirectional
electrons

CME
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Understanding Space WeatherÉTo the Earth

¥ 40 years of single point 
measurements have 
provided a schematic 
understanding of the 
Earth��s magnetosphere.

¥ But, the state of the 
magnetosphere at any 
given time is complex 
and uncertain.

¥ Global imaging is 
required
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Understanding Space WeatherÉNeutral Atom Imaging

The Earth��s Geocorona: H Ly-!
measured from Apollo 16, (4/21/72)

! "#$ %&" ' ( ! )*# # +,&

Generation of Energetic Neutral Atoms
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A MENA Sensor Head
Collimator Plates
! reject charged particles
! define azimuthal FOV

Freestanding Transmission Gratings
! reject ambient UV
Ultrathin Carbon Foil 
! Secondary electron (SE) emission for 
TOF and coincidence

SE Acceleration grid: 
! direct position mapping of 
SEs on detector

Microchannel Plate Detector:
! detection of ENAs and correlated SEsPosition-Sensitive Anode:

! position measurement of 
ENAs and SEs

SE
Anode

ENA
Anode

ENA
Anode

ENA

SE

Understanding Space WeatherÉNeutral Atom Imaging
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MENA/IMAGE: Geomagnetic storm evolution 
viewed by energetic neutral atom (ENA) imaging

1

4
2 3 1

4

2

3

LANL/DOE geosynchronous data 
combined with ENA imaging

Understanding Space WeatherÉNeutral Atom Imaging
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Two Wide-angle Imaging Neutral-atom 
Spectrometers (TWINS)

¥ First stereo magnetospheric viewing 
from high altitude, high inclination 
orbits allows resolution of 3-D 
structures

¥ Stereo viewing, higher time resolution, 
and much more telemetry greatly 
enhance science return

¥ Launches: 2003 and 2005

Neutral Atom Imaging: IMAGE and TWINS
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Heliom-Oxygen-Proron-Electron 
Plasma analyserwith TOF

¥ First rad-hard instrument for plasma 
designed for the heart of the radiation 
belts

¥ Full 3-D plasma measurements 

¥ Launched Aug 31, operational now

¥ Was basis for ÒPEPPERÓ proposal for 
Europa flyby mission

Plasma composition ÐHOPE 
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¥ High energy electron radiation belt modeling for natural and 
artificial radiation belts
! Presentation 15:10, Greg Cunningham, ISR-1

¥ Ring Current, substorm modeling for the electron charging 
environment in gthemagnetosphere
! Presentation 15:30, Vania Jordanova, ISR-1

¥ LANLÕs new LDRD Project Modeling Ground Induced Current 
(GIC) impacts
! Presentation 15:50, Mike Henderson, ISR-1

Magnetospheric Modeling and Simulation
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Astrophysical Transients
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Fast Transient Astrophysics: ROTSE
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¥Queued by space-based gamma-ray burst detector (HETE, SWIFT missions)
¥Detected optical transient associated with a gamma ray burst
¥Cosmological redshift z=1.6 and peak apparent magnitude of 9 - the most 
luminous optical object ever measured

(Akerlof et al. 1999, Nature, 398, 400)
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Fast Transient Astrophysics: RAPTOR
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Fast Transient Astrophysics: ROTSE and RAPTOR
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